Extensive research has suggested that simply viewing an object can automatically prime compatible actions for object manipulation, known as affordances. Here we explored the generation of covert motor plans afforded by real objects with precision ('pinchable') or whole-hand/power ('graspable') grip significance under different types of vision. In Experiment 1, participants viewed real object primes either monocularly or binocularly and responded to orthogonal auditory stimuli by making precision or power grips. Pinchable primes facilitated congruent precision grip responses relative to incongruent power grips, and vice versa for graspable primes, but only in the binocular vision condition. To examine the temporal evolution of the binocular affordance effect, participants in Experiment 2 always viewed the objects binocularly but made no responses, instead receiving a transcranial magnetic stimulation pulse over their primary motor cortex at three different times (150, 300, 450 ms) after prime onset. Motor evoked potentials (MEPs) recorded from a pinching muscle were selectively increased when subjects were primed with a pinchable object, whereas MEPs from a muscle associated with power grips were increased when viewing graspable stimuli. This interaction was obtained both 300 and 450 ms (but not 150 ms) after the visual onset of the prime, characterising for the first time the rapid development of binocular grip-specific affordances predicted by functional accounts of the affordance effect.
a b s t r a c t
Extensive research has suggested that simply viewing an object can automatically prime compatible actions for object manipulation, known as affordances. Here we explored the generation of covert motor plans afforded by real objects with precision ('pinchable') or whole-hand/power ('graspable') grip significance under different types of vision. In Experiment 1, participants viewed real object primes either monocularly or binocularly and responded to orthogonal auditory stimuli by making precision or power grips. Pinchable primes facilitated congruent precision grip responses relative to incongruent power grips, and vice versa for graspable primes, but only in the binocular vision condition. To examine the temporal evolution of the binocular affordance effect, participants in Experiment 2 always viewed the objects binocularly but made no responses, instead receiving a transcranial magnetic stimulation pulse over their primary motor cortex at three different times (150, 300, 450 ms) after prime onset. Motor evoked potentials (MEPs) recorded from a pinching muscle were selectively increased when subjects were primed with a pinchable object, whereas MEPs from a muscle associated with power grips were increased when viewing graspable stimuli. This interaction was obtained both 300 and 450 ms (but not 150 ms) after the visual onset of the prime, characterising for the first time the rapid development of binocular grip-specific affordances predicted by functional accounts of the affordance effect.
Ó 2013 Elsevier Inc. All rights reserved.
Introduction
Determining the neural mechanisms that facilitate human interactions with manipulable objects is an important topic in psychology and neuroscience. Gibson's (1979) ecological theory of object perception and affordances is one of the most well-known approaches. According to this idea, all common manipulable objects, including tools, have properties that are automatically associated with specific actions. On this basis, simply viewing an object triggers congruent motor plans for interacting with it, even when there is no explicit intention to act. Automatic priming effects of this kind have since been described in a variety of selection-for-action paradigms, typically involving reaching and/or grasping movements (Castiello, 1999; Craighero, Bello, Fadiga, & Rizzolatti, 2002; Craighero, Fadiga, Rizzolatti, & Umilta, 1998; Craighero, Fadiga, Umiltà, & Rizzolatti, 1996; Creem & Proffitt, 2001; de'Sperati & Stucchi, 1997; Gentillucci, 2002; Tucker & Ellis, 1998) . For example, Ellis and Tucker (2000) used as primes different real objects with action significance for either precision (pincer) or whole-hand (power) grasping. After viewing the primes for 700 ms, participants were asked to respond to imperative auditory stimuli signalling a precision or power grip action that was either congruent or incongruent with the prime. The results showed a significant interaction between object and response types; 'pinchable' and whole-hand 'graspable' objects selectively primed compatible precision and power-grip responses, respectively, even though the prime features carried no task-relevant information.
Employing a similar paradigm, we recently investigated the dynamics by which affordances evolve in the motor system when human subjects view pictures of objects with 'pinching', 'grasping' or 'no-action' (e.g., a bed) significance as primes (Makris, Hadar, & Yarrow, 2011) . In the first experiment participants responded to orthogonal (i.e. nonaction-related) visual stimuli (changes of background color of the picture) that cued a precision or power grip action, and with different stimulus onset asynchronies (SOAs) of 400, 800 or 1200 ms between the prime and imperative stimuli. The results showed that prime objects with action significance facilitated congruent responses, similar to Ellis and Tucker (2000) , but only for the shortest SOA of 400 ms. In a second experiment these findings were validated by applying a standard methodology measuring corticospinal excitability. This time, the same prime objects
